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Table 4, (Con'd.)

1866 (BEEFORE) 1968 (AFTER)
% , %
FAMILY Numbexr Welght Occurr— Number Weight Occurr-
ence T i ence
p.s.d. Rank p.s.d. Rank P.S.d. Rank p.s.d. Rank

PSOCOPTERA 2.8 .2 g 1.5 -1 mg
Mesopsocldae .17 (26) .01l mg (74) 15.9% ,03 (69) .,004 mz  {91) 6.5%
Polypasocidae .24 (23) 060 mg (47} 17.4% .04 (59) ,003 mg (93) B.1l%
locaeciliidae2 A0 {3} 107 mg (33) 76.8% 1.35 (7) .C30 mg (41) 80,6%
- rickae .17 (2673 L0825 mg (56} 14.5%% L1100 (237) LC0L3 me (743 19,4%

Unidentifiable Pso.01 (28) +000 nng (108) 1,5% - - - - ~

THYSANOPTERA L .0 g L2 .0 mg
losothripidae - - - -~ - .06 (46} .00l mg (111) 8.1%
Thripidae .13 (38) .00l mg {(97) 13.0% .17 (32} .00l mg {111) 22.6%

TRICHUPTERA 2D o? mg 1.0 9.8 mes
chveentridae L0323 (72) L007 mg (82) 2,8% L01 (98) .00% mg (80) 1.6%
Calamocaratidae - - - - - .03 . (69) 196 mo (19) 6,5%
Hydroatiiidan .35 (20) 016 mg (68) 21,7% .63 (13) 046 mg (49) 53,2%
vidostomatidae .15 {33) 141 mg (28]} 13,0% 06 (46} .036 mg (57) 8.1%
wephilidas - - - . - 18 (30} 9,402 mg (L} 27.4%
/o tAme _ _ - - - .02 (86) .051 mg (47) 3,2%
T {1idgae ~ - - - - .02 (74) 075 e (36} A, 8%
Unidentifiable Tri,~ - - - - 02  (74) 018 mg (68) 4 . 8%
IRSECT FRAGMENTS .05  (57) .008 mg (78) 7.2% .36 (22} 148 mg (24} 77,4%
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% 7
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U= INSECT
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A brief analysis of the main "family" changes as
reflected by the two collections follows, It deals
principally with those families constituting a substantial
part of the collections by either weight or numbers,

The Coleoptera (beeltes), in general, can be characterized
as having a large number of families represented; each of
which occurred a few timesy the families c¢ollected changed
markedly from 19685 to 1968, The most importént changes are:
(1) "Dytiscidae" did not occur in 1966 but were thirty-seventh
numerically and thilxd on the weight listing of the inseccts
collected in 1568, They constitQC$ﬂ over 80% of the weight

.n 186 (2) "Linnebiidae" increased more

| =N
U
(53
[2s}
.

of Coleopterans
than forty fold in number and weight from 1266 to 1968, but
because they are very small, this large increase resulted in
only a small addition to the total weight. (3) "Staphylinidae
showed a decline in importance from a rank of seventh by
nunber and eleventh by weight to nineteenth and forty-first
respactively,

The only fanily of Collembola appearing consistently in

=

the samples was "HHLOAM“,yrd « It showed over a fourfold

increase by number and weight from 1966 to 1968,

The greatest number of chan
order, Diptera, In both years Dipterans constituted more

than 60% of the insects by number and more than 25% of

o] 4 1 4o - - 5

tneir welght., Of the im ilng in this
. - - x - - E TN,

oxroe from 1€6%6 to J_E’Gi"‘. by numbe
-~ T g : - - - - e~ - - - - ~ - - o) —.

anda v eigna were :_L» ind. in the cilil d lies "C... racooogo ji’ ,15:“
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"Tipulidae', “hironomids

"Chironomidae", "Empididae", and
were fourth in abundance and forty-ninth in importance by
weight classzification in 1966, They increased fifteen fold
to become the most abundant family and fourth most important
by weight in 1968, In 1968 this family occurred at the rate
of 34,5 insects p.s.d., accounting for over half of that
vear's total number of insects; it was more abundani than

all Ffamilies combined (33,3 insects pescd&) for 1866, The
tipulids (crane flies) also showed a significant change, from

a number rank of eleventh to foux bh The families Empildidae

and Ceratopogonidae showed less striking but still highly

significant changes,
Decreases in abundance also occurred in this order,
notably in the families "Cecidomyiidae", "Dolichopodidae®,

"Ephydridae" and "Muscidae", The greatest decline was seen

in the ephydrids, the most abundant family in 1966 when they

!
of

occurred at 4.3 insects p.s,d., They dropped Lo third rank in

1968, occurring at ony 2.7 insects p.s.d. Cecidomyiids,

dolichopodids, and muscids all decreased by akout one insect
£ ul

pLg.4,

All families of Ephemeroptera (mayflies) increased in
abundance from 1966 to 1968, The bactids are the most
noteworthy because they increased by almest a full insect
per sampling day, and showed a change from nineteenth to

in numerical rank

P e o - B S ST . e P e , R S T~ -
he increased importance of the order Hemiptera, after
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two semi-~aguatic families, “Gerridae" and "Saldidae"., The
gerrids (water-striders) increased over tenfold in numbex
to become the twenty-third most abundant family. They also
became second in importance by weight analysis. Salidae
(shore-bugs) increased to twenty-five times their foxmer
numbers and were twenty-third in famlly abundance, Miridae

-

(leaf-hoppers) which were the most abundant hemipteran family
in 1966, decreased to only one-half thelr previous abundance
in 1968, They were replaced as the most abundant hemipteran

by Gerridese and Saldidae,

iy

Many families in the order Homoptera show decreases in

r‘

nunbers and ve;g; while a few familles show increases, these
increases being very small. The most striking declines are
displayed by the families "Cicadellidae' and'“Psyllidae"e
Psyllids were seventeenth in abundance and ranked fourteenth
by weight in 1966, but no members of this family appeared in
the 1968 collecctions,

The oxder Eymenoptera showed insignificant change after
road construction,

There are only two notable changes occurring in the
Lepidoptera {(moths). th the "MNoctuldae" and Y"Pyralidae"
decreased, Noctuidae are especially notable since they
experienced a fourfold decrease’ in weight, s
rank in 1966 to ninth rank in 1968,

Only two families of Neurxoptera were present in the

B | PRt o o = XY Gl g s = A L e Y e * &
collections, Both showed decreases in abundance in 1968,
but because their presence was of minor importance originally,
S 3
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these decreases are not significant,

Gryllacrididae,; the only family of Orthoptera present,
showed a marked, tenfold, decrease in abundance,

The order Plecoptera showed a general decrease in
abundance, The two most prevalent families "Chloroperlidae"

-

and "Nemouridae?® had numerical Gecreases of fivefold and

threefold respectively,

All families OFf Psoccptera decr-aswd in abundance, the
decline ranging from two to six-fold, The Pseudocacciliidae,
which was thelthird most abundant family ian 1986, with 2.4
insects occuxr;ng p.s.d., dropped to seventh in abundance in
1968 with a rate of occurrence of 1,3 insects per day.

The ordexr Thysanoptera showed very little change before
and after road c¢onstruction,

The Trichoptera (caddis-flies) tended to increase in

abundance after road construction, The greatest change

occurred in the family "Limnephilidae", This fanily was not
present in the 1966 drop collection but was the largest
contributor by weighit to the 1968 collection,

Arachnids dropped from second in weight contributions

in the 1966 drop collection to thirteenth in the 1968
ollection,

Tim 4y T e S P .
The number of unidentid

in the 1968 collecticn due to a white fungus (Saproleagnia sp.
which attacked many preserved specimens,
A brief summary of the three most important numerically

Rl s R o - e J',,,. L ‘: o~ L — . e T i e B . By L E =
CCCUXrring insece L1 es in eacn collection shows interestin g

le insects increased considerably



- 37

changes, In 1966, Ephydridae (1), Cecidomyiidae (2), and
Pseudocazeciliidae (3) were most numerous, In contrast,
Chironomidae (1), Cecidomyiidse (2), and Ephydricaoc (3)
were most important numerically in 1868, A sumnary by
weight for 1966 shows, Noctuidae (1), Brachnids (2), and
Gryllacrididae (3) most important while 1968 figures show,
Limnephilidae (1), Gerridae (2), and Dytiscidae (3) as the
outstanding weight contributors,

When the 1966 and 1968 collections are compared wit
regards to those families constituting over 2% of & year's
collection, an interesting result is observed, Thirteen
families had over 2% occurrxence by number in 1966 while onl
seven families had this occurrence in 1968. This result
tends to indicate that the 1968 disturbaznce due to road
constructlion caused large increases in a few families but
that the vast majority of families were less well represented,
ALl ut ore of the families in the 1268 collection appearing
at a 2% or greater occurrence were in the order Diptera, the

ordex wnich showed the largest increase in nunbars of insects

-



ANATYSIS AND DISCUSSICH

Comparison of 1966 and 1963 Collections for Variations Du

Initially the Noxth Fork of Caspar Creek was to serve as
a control for comparison of insect collections between 1969
and 1968, Howevexr, nho inséct collection was made in 1908 on
the north fork, 2another problem encountered in analysis was
that insect collections were not made at the same station on
similar dates between years, thus eliminating the possibility
of comparing collections on a station by station basls,
However, comparison between years is possible through "total”
stream data, and those parts into which it may be subdivided,
To serve as a control, stations 3 - 9 on the south fork were

-

designated as an “Insseci-Control® area because this area was

not directly affected by logging~road construction,
The remaining stations on the south fork were divided

into categories bascd on the amount of disturbance c¢aused Dby

logging-road construction, The two categories showing the

[}

most disturbance, "Disturbed" and "Highly Disturbed", were
then compared to the 1966 and 1963 "Insect-Control! areas

s B

The Y"Insecit-Control" is an area wherec neither the road

nor any disturbing activity assocliated with it;, comes ¢loser

than 300 feet to the stream (Figure 4). The "Disturbed" areas
are stations where most of the vegetation has T reqnoved in
at least a 100 ;5 of the stream ~pedh




areas are bridge locations (Figure 4 and 5) and are character-
ized by complete removal of all vegetation in at least a 300
foot radius of the bridge,

The 1265 "Insect-Control" area was compared to the 19468
"Insect-Control" arca, The data in Figure 6 and Table 5
indicate an approximate one-guarter décrease in number (30%)
and weights (20%) of insects p.s.d. in 1968. The "Insect-
Control® area information thus indicates a decrease of
insects due to annual fluctuation while the entire study area
had a twofold increase,

"Disturbed"” and "Highly Disturbed’ areas had large
increases in weights and numbers oﬁcr the ¥Insect Control"
area, The "Disturbed" areas exhibited almost a fourfold
(3.7) increase in numbers p.s.d, over the "Insect-Control"
area and an increase of 1.6 times by weight. The "Highly
Disturbed" areas had over a fivefold (5.5) increase in
nunbers p.s.d. wnen compared with the 1868 control area, and
a threefold (3.2) increase by weight.

ITable 5 shows that the oxder most responsible fox the
Change in numbers was Diptera while Diptera, Hemiptera an
TriéhOPtera were all important in the welight increase,

Tests were also performed on these categories to find
the likelihood of

introduced by 4ai

comparability of the areas was made by a Wilcoxon's two

sample test, modified for unequal

£ s Nl o Ty e ey =y S
N =8| LosanpLes oYomann anda
Py Jo PR TN % Akl e aaead i W o Tt TN o om A i = 1]
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Disturbed area,

weBll numbers and welghts are exprecsed as p.s,.d.—-per sampling day.,
this is equivalent to drop per syguare yard of stream suriace

An Order summary of the 1966 Insect-~Control area,
and Highly Disturbed area.

1968 Insect-Control area,

1966 BASICES HEGHTLY

ORDER INSECT-CONTROL INSECT - CONTROL DISTURBED DIGTUNBED
Number Weight mg Nunber Weicht mg Number Weight mg Numbex Weilght mg
Col AUA 2.] 3.7 mg .0 .0 mg 1. .8 mg 1.0 .6 mg
COITLITMBILA, .1 .0 mg L0 .0 ng 02 ' .0 myg e .0 mo
2 h 17.8 4.5 mg 16.5 4,9 g 60,0 10.1 mg 87.8 8.2 myg
MTIORTERA .3 .0 my LA .1 mg 2.0 .9 mg 1.0 L1omg
DTERA | .9 .2 e .2 .0 mg 1.2 4.1 mg .8 4,8 mg
HOoEOP \ 1.4 .3 mg .3 .3 mg 1.3 .1 rag .8 .3 omg
§ ) RE& .6 .1 mg .2 2.8 mo ! .2 mg .0 L0 mg
OPTERA t .2 me . .0 g .5 .8 o .8 .3 mg
1A il .0 mo ,0 .0 mo ol . L mg .0 .0 mg
0 LEIERA 1 1.7 mg ,0 .0 mg .1 .9 mg .0 .0 mg
PLECTOPITRAA .9 4.2 mg .0 .0 my . 2 MY .0 .0 mg



Table 5, {(Con'd,)

1966 laoss BIGHLY

ORDER INSECT—~CONTROL INSECT-CONTROL DISTURBED DISTURRED
Number Weight mg Number Welght mg Number Weight mg  Number Welght mg
CCOFPERA 1.2 .2 mg .7 .0 mg 1.4 1 omg 2.0 .2 Mg
DEYSANOPTRRA .3 .0 myg oL .0 mg L1 .0 mg .0 .0 mg
TRICHOPTERA .7 .6 mg o 5.0 mg 1.0 2.8 ng 1.3 27.7 mg
IMNBECT FRAGMENTS L1 .0 mg .5 .0 mg .3 .2 mg 03 .4 omg

NOl=-THIECT .

ARACHHNID 1.1 4.1 mg A .1 mg 9 .4 mg .8 .0 mg
16.4 13,1 mg 71,3 2.7 mg 106,5 41,9 mg

Vst TOTAL 27 - &) 16 o 2 ng
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1966 and 1968, showad a high probability (when compared by
number and weight) of coming from the same type area, while

the "Disturbed’ and "Highly Disturbed! areas when compared

to the 1968 "Insect-Control" area showed negligible prokability.
When grouped and tested by month the Wilcoxon's test showed
similar resultse, indicating the variation hbetween categories
was not due to bias introcduced by sampling time,

Thus, the probable explanation for the large differencas
in numbers and weights of insects p.s.d., is road construction
and the associated disturbance of the environment, 7These
environmental changes resulted iﬁ a great increase in
numbers of insects present at the surface of the South Fork,

Caspar Creek,

Agua t ic Derived Insects
The familles of insects represented in the drop collect-

ions can be grouped, on the basis of life history of member

species, as follows: 1) families whose species pass through

all life stages on land (Terrestrial habitat insects),

2) families whose species pass their immature life stages

uils

3

or on water (Aquatic habitalt insects), and 3) families in

wnich some species are terrestrial in all stag

es while other

species have aqguatic immature stages (Unspecified habitat

~ = A e | i = N iy (R B Eanl o e wm A oan ey e
ne numkers and weignts of Agquatic and Terrestrial insects

for the years l966 and 1968 are plotted in Figure 7. The 1968

! - T L s o Ty -7
collection we found to contain number of
. 3 ey -~ oy o e g ] -y Y =
AgUav1ie Ansec DeSely that collecte in 1966, Lixe e
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in the 1968 collection, 2&guatic insects were found to be ten
times more important by weight, Terrestrial insecis were
found to show a one-~third decrease in numbers and a one-half
decrease in weight from the 1966 to 1968 collection,

The 38 groups plotted as Aguatic habitat insects, when
compared o the 107 groups plotied as Terrestrial habitat
insects, showed an interxesting reversal. In 1966 there were
twice as many Terrestrial insects as Aguatics, bul in 1968
this reversed and Acuatics were three and one half times more
prevaleat,

The "Insect Controls", "Disturbzd" and "Highly Disturbed®
areas were employed to determine if this Aouatic increase was
comparable to the degree of disturbance, Figure 8 shows that
the 1966 and 19868 "Control" areas had similar numbers and
weights of Aquatic habitat insccts, while the "Disturbed" and
“Highly Disturbed" areas showed larce increases,

Thus, 2quatic habitat insects were much more abundant on
the surface of the South Fork of Caspar Cresk aiter road
construction. The amount of disturbance also seems to afifect

the degree of this abundance,

Chironomid Increase

The most outstanding characteristic of the 19€8 drop

collection is the appearan

P!
©

of large numbers of chironomids

In 1266 they were present in the d

rop-collection at the rate
of 2.2 individuals p.s.d., while in 1968 this increased to

34,5 chironomids p.s.d, This increase is very significant

because this single £:

in 1968 contributed nore inst
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v.5.d, to the collection (34.5 per Gay) than the total of
all insect families in the 1966 collection (1966 xrate 33.3
p.5.4,}, In 1968 Chironomidae also exhibited numerical
dominance over all families in both collections, having an
eightfold advantage over the second highest occurring fanily,
Epnydridae in 1886
The reason for this dramatic increase sezms to be the
disturbance to the land surface, caused by building the

logging road in 1967, The road construction caused immediate
turbidities up to 4,000 p,p.m, during actual construction and
turbidities in excess of 3,000 p;p,mo curing the following
winter (DeWitt, 1968), I believe silting éf the strean
Killed most agquatic insects, except the more hardy Dipterans,
especially chirconomids, which thrive best iﬂ polluted, highly
turbid conditions, Table 6 (Kopperdanl, personal communicat-
ion), shows that during the summer of 1967 all aquatic

insect orders increased in the "Undisturbed" North Foxk of
Caspar Creek wiille in the South Fork where the logging road
was being bullt, only Diptera increased in the normal fashion;
all other orders.decreasina markedly. Therefore, by the end
o road-kuilding disturbance in 1967, the Scuth Foxrk of
Caspar Creck showed a greatly decreased insect population
from what was expected, with the Diptera having a normzl or

sonewnat greater population because of their ability to

Chironomids, onz of the best suited dipteran's fox



Table 6. California Fish and Game '"Benthos Samples” from the Undisturbed North
Fork and Disturbed South Fork of Caspar Creek., The June collecticns
rerresent a pre-road sample while the October collections were made
after south fork road completion,
SOUTH FORK CASPAR CREEK NCRTH FORK CASPAR CREEK
2 z
QRDER Numbers pexr ft Numbers per ft
June 1967 Oct, 1967 Difference June 1967 Cct, 1867 Dlfference
(Oct.,-Jdune) {Oct . -June)
COLECPTERA 13,7 2.9 -.0,8 3.6 4,6 + 1.0
RIPTERA 40,1 104.2 +564 ., 1 4,4 8.4 + 4,0
DPHEMTROPTERA 38,9 15.4 ~23.,5 © 13,9 32,2 +18.,3
PLECOPTERA 28.8 13,6 -15.2 13.3 26,9 +13.6
TRICHAOPTERA 28,3 6,6 -21.7 i2.0 38,1 +26,1

MISCELLZIEOUS 1.8 0.3 ~ 1.5 0.3 0.5 + 0.2

5k
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Therefore, with increased turbidities, chircnemlds were
doubly favored because the South Fork was an open habltat
in that most other insccts had been eliminated by the silt,
and theixr short life cycle enabled them to capitalize on
this advantage. I presume chironcmids increased by £illing

the niches left by the organisms driven out by pollution and

4]

by venefiting fxom the lack of normal competition and
predation, The lack of compelitors and predators is a
highly significant factor for this family since it is on the
bottom of many food chains, Thus, chircnonids occuppied the
most promdinant position when the 18I3 drop box collections
were taken, The 1868 California ¥igh and Game Department'is
South Fork "benthos samples" also contain a large number of
larval chirconomids (Kopperdanl, personal communication).
Other hypotheses, however, have been offered to explain
the above condition, Charles Warren (1964), in a paper on
experimental stream enrichment implies that if removal of
"forest canopy" can increase production of the bacterium

Sphaerotilus natans, the principal food of chironomid larvae

chironomids in turn could increase phencmenally,



CONCLUSTOKN
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Insect populations, like fish, deer, reboit and all

th
[e]

other populations except man's, are constantly being arffecte

by two forces, maximumn carrying capacity ©f the habitat and
habitat change,

An area, such as Casper Creek, will support a certain

biomass of insects, represcented by a certain number 0L those

]
dr

insects, This number and bicmass will fluctuate eacn vear,
but in an unaltered environment wxll eventually approacn and
maintain itself near a maxinum carrying capacity. In the

case of insects this habitat is composed of a number of niches

4 logging road was constructed through this study erea
(1987), after which (1968) new measurenents were made on the
carxrying capacity. The abundance of irsect fauns in this
area could have increased, decreased or remained unchanced,
Of the niches that were present before the road was bullt

some remained unchanged and some have been aliered or have

this study dealt only with insects falling into a stream,
definite changes can be seen in population composition
within the scope of the study.

Analys data from the entire '"study

-
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folda increase in insects by nunber and welgnt after the



logging road was built, The “Disturbed"” areas show a

fourfold increase by number and a 1.5 times increase by

f=ra e

weight over the 1868 "iInsect Control® arxea, The "Hignly

Disturbed” areas showed a fivefold increase by nuaber and

a threefold increase by weight over the "Insect Control”,
A fivefold increase p.s.C. Lfrom 1966 to 1968 occurred

e

in those adult insects that vere associated with

an aguatic environment,

If food was the limiting factor working upon the fish
population, it is possible that the south fork would now |
support a larger population of fish due Lo %he increase oL
drop insects,

{t is probable that the changes summarized above are
maximized at this point, As vegetation returns to this

area, sediment £low decreases and the area staxrts its

process of natural succession pack o the undisturbed (origina

state, the drop of insects irto the South Fork of Caspar

Creek should progressively decrease both by numbsr and welght

until a new balance is reached,
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Value of Drop Box Samplers

in Caspar Creek Study



The Caspar Creck study is the first recorded instance
where drop-boxes have been used in any project of this typs.

&

r

Drop~boxes as used in this project were designed
cateh all insects and detritus falling on one sguare vard of
stream surface, In this project drop-hoxes were used only
to evaluate insects dropping into a stream., Such boxes
could also ke used to evaluzte terrestria’ detritus or leaf
enrichment of a stream, or moved away Ifrom the stream and

used to preadict insect drop, leaf fall, etc. under rorest

ay

canopies,

Drop-koxes must not be confused with Surber samplers,

drift sanplers, or other strean samplers, Drop-boxes catcen

adult insects plus those immature terrestrial insects that
would normally fall onto a stream surface. ©On the other hand

the above mentioned samplers catch immature aguatic insecis

and those insects which drop into the stream and

=

Lozt in the

Hh

water, Drop-box samplers thus deal with adult insects of

1
d

T -} ey e e — g | - e g o e e e 1l o . - o iy i e [y, e e ey
poth aquatic and terrestrial origin while other aguatic samplers

b | g

LLly with immature aguatic insects, Fish stomach

deal princio

fl

analyses show a combination of the above two types of insectis,

In the Caspar Creek study, investigators observed that
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from the strean due o increased strezm flow, Furtl

minegal ©il because 0f its superior preservi
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even with the drop-box which allows no overhiang oL the liner
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into the stream, If this ¢condition

samples can occur from a mol



